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ZLQG7KH UHFHQW DGGLWLRQ WR WKLV UHVHDUFK LV ³0LFURZLQG WXUELQH´7KHVH VPDOO VFDOH WXUELQHVDUHGLIIHUHQW IURP
WKHLU ODUJHUFRXQWHUSDUW LQ WKHIDFW WKDW WKH\DUHVSHFLDOO\GHVLJQHG WRH[WUDFWSRZHUIURPORZYHORFLW\ZLQGXVLQJ
FRPSDUDWLYHO\VPDOOHUVSDFHWKXVDYRLGLQJWKHVL]HFRQVWUDLQW>@>@>@7KHVH³PLFURZLQGWXUELQHV´FDQEHXVHGDV
5RRIWRSUHVLGHQWLDO ZLQG WXUELQH RU RQ WKH VLGH RI WKH URDG 5RDGVLGH ZLQG WXUELQH ZLWK SURSHU ZLQG HQHUJ\
UHVRXUFHDVVHVVPHQWVWXGLHV>@7KHXQGHUO\LQJLGHDLVWKDWWKRXJKWKH\LQGLYLGXDOO\SURGXFHDYHU\VPDOODPRXQW





&S 3RZHUFRHIILFLHQW    D D[LDOLQGXFWLRQIDFWRU
&W 7RUTXHFRHIILFLHQW    8 LQLWLDOYHORFLW\
7 7KUXVW       'HQVLW\RIWKHIOXLG
 7LSVSHHGUDWLR      $QJXODUYHORFLW\
0HWKRGRORJ\
2.1. Selection and Specification of Micro Wind Turbine 
7KHPLFURZLQGWXUELQHXQGHULQYHVWLJDWLRQLVDQLQGLJHQRXVEODGHZKLFKLVSODVWLFPDGHPDVVSURGXFHGYHU\




ZHUHYDULHG LQ WKHRSWLPL]DWLRQSURFHVV7KHEODGH WZLVW DQJOHZDV FRQVLGHUHGQHJOLJLEOH DQGZDVQRW WDNHQ LQWR
DFFRXQW7KHQXPEHURI WKHEODGHZDV WKUHH ,Q WKHH[SHULPHQWDWLRQDQGQXPHULFDODQDO\VLV WKLVQXPEHUZDVQRW
FKDQJHGWRNHHSWKHVROLGLW\RIWKHWXUELQHIL[HGWKURXJKRXW
2.2. Governing Equations  
/HWXVFRQVLGHUDF\OLQGHURIDLUWRFDOFXODWHWKHSRZHULQWKHZLQGZKLFKLVRIWHQUHIHUUHGWRDVDVWUHDPWXEH
7KHVWUHDPWXEHWUDYHOVWRZDUGVWKHZLQGWXUELQHURWRUZLWKDQLQLWLDOYHORFLW\8DQGVORZVWR8GXHWRSUHVVXUH
FKDQJHVE\ WKH WLPH LW UHDFKHV WKH URWRU7KH URWRUFDSWXUHVVRPHRI WKHHQHUJ\VR WKDWDLU IORZLQJRXWEHKLQG LW
PRYHVHYHQPRUHVORZO\DWDYHORFLW\8EXWWKHVDPHDPRXQWPDVVRIDLUFRPLQJWRZDUGVWKHURWRUDOVROHDYHV
EHKLQGWKHURWRU
%HFDXVH OLQHDUPRPHQWXP LV DOZD\V FRQVHUYHG D IRUFHPXVW DFW RQ WKHZLQG WRPDNH LW VORZ GRZQ  )URP
1HZWRQ¶V WKLUG ODZ WKLV IRUFHRQ WKHZLQG LVHTXDO WRDQGRSSRVLWH WR WKH WKUXVW7 WKH IRUFHRI WKHZLQGRQ WKH
WXUELQH 7KH WKUXVW IRUFH FRPHV IURP D FKDQJH LQ SUHVVXUH DV WKH ZLQG SDVVHV WKH URWRU DQG VORZV GRZQ
&RQVHUYDWLRQRIOLQHDUPRPHQWXPGLFWDWHVWKDWWKHWKUXVWPXVWEHHTXDODQGRSSRVLWHWRWKHFKDQJHLQPRPHQWXP>@

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:KHUHDQHZYDOXHWKHD[LDOLQGXFWLRQIDFWRUDKDVEHHQGHILQHGDV
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           
2.3. Model Design and CFD Simulation 
7KH HQWLUH ' PLFUR ZLQG WXUELQH PRGHO ZDV GHVLJQHG LQ FRPSXWHU DV SHU WKH DFWXDO GLPHQVLRQV )RU
RSWLPL]DWLRQSXUSRVHWKHVHGLPHQVLRQVZHUHODWHUFKDQJHGWRREWDLQWKHRSWLPL]DWLRQFXUYHV)RU&)'VLPXODWLRQ
)DYUHDYHUDJHG1DYLHU6WRNHVHTXDWLRQVZHUHXVHG7KH)ORZ6LPXODWLRQHPSOR\VNİPRGHO
7KH UHFWDQJXODU FRPSXWDWLRQDO GRPDLQZDV FRQVWUXFWHGZKLFK HQFORVHG WKH VROLG ERG\ DQG KDV WKH ERXQGDU\
SODQHVRUWKRJRQDOWRWKHVSHFLILHGD[HVRIWKH&DUWHVLDQ&RRUGLQDWHV\VWHP&RPSXWDWLRQDO0HVKZDVFRQVWUXFWHGLQ
VHYHUDO VWDJHV 1DUURZ FKDQQHO UHILQHPHQWV ZHUH GRQH DQG ORFDOO\ UHILQHG UHFWDQJXODU FRPSXWDWLRQDO PHVK ZDV
REWDLQHG)RUFRPSXWDWLRQDODQDO\VLVWKHLQLWLDOPHVKOHYHOZDVVHWWRWRVXSSRUWFRPSXWHUPHPRU\FRQILJXUDWLRQ










2.4. Experimentation and Model Validation 
7RYDOLGDWHWKHUHVXOWRIQXPHULFDOFRPSXWDWLRQWKH&)'PRGHOZDVVXEMHFWHGWRZLQGWXQQHOH[SHULPHQWDWLRQ
D E
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7KHWXUELQHJHQHUDWHG(0)DQGFXUUHQWRXWSXWZDVPHDVXUHGXVLQJD0XOWLPHWHU7KHEODGHURWDWLRQDOYHORFLW\ZDV
PHDVXUHGLQ530XVLQJDSKRWRVHQVRUWDFKRPHWHU7KHDLUYHORFLW\ZDVPHDVXUHGXVLQJDQDQHPRPHWHU)RUSRZHU
RXWSXW WKH WXUELQHZDVFRQQHFWHG WRDPRWRUDFWLQJDVDJHQHUDWRU LQ WKLVFDVH ,Q)LJ WKHVHWXS LVVKRZQ7KH







7KH WRUTXHSURGXFHGDQG WKHFRHIILFLHQWRISHUIRUPDQFHGHSHQGVRQGLIIHUHQWEODGHSDUDPHWHUV$PRQJ WKHP
EODGH VXEWHQGHG DQJOH DQG EODGH SLWFK DQJOHZHUH FRQVLGHUHG IRU RSWLPL]DWLRQ 7KH RSWLPL]DWLRQ SURFHGXUHZDV
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)LJXUH D GHSLFWV WKH FRPSDULVRQ RI WKH &)' DQG H[SHULPHQWDO UHVXOWV RQ WKH UHODWLRQVKLS EHWZHHQ SRZHU
RXWSXWDQGDQJXODUYHORFLW\7KHSRZHURXWSXWFRXOGEHHVWLPDWHGE\PXOWLSO\LQJWKHDQJXODUYHORFLW\RIWKHWXUELQH
337 Md. Abu Abrar et al. /  Procedia Engineering  90 ( 2014 )  333 – 338 







)LJXUHEEHDUVZLWQHVV WR WKH UHODWLRQVKLSEHWZHHQSRZHUFRHIILFLHQW &S DQG WLS VSHHG UDWLR Ȝ7KHUH LV
VLJQLILFDQWDQGTXDOLWDWLYHVLPLODULW\EHWZHHQWKHH[SHULPHQWDODQGQXPHULFDOEHOOVKDSHGFXUYHV

3.2. Optimization Result 

:H FKDQJHG WKH EODGH SLWFK DQJOH DQG VXEWHQGHG DQJOH WRPDNH FKDQJHV LQ WKH WRUTXH RXWSXW7KH ODUJHU WKH
WRUTXH GHYHORSV WKH JUHDWHU WKH SRZHU RXWSXW DV WRUTXHPXOWLSOLHG E\ WKH USP EHJHWV SRZHU:H JUDGXDOO\ KDG






)LJXUH D VKRZV D FKDQJH LQ WRUTXH RXWSXW ZLWK WKH FKDQJH LQ EODGH SLWFK DQJOH 7KH WRUTXH RXWSXW LV
FDOFXODWHGQXPHULFDOO\IRUGLIIHUHQWEODGHSLWFKDQJOHVDWIL[HGZLQGYHORFLW\RIPV7KHFXUYHLQGLFDWHVD
URXJKLQYHUVHUHODWLRQEHWZHHQWRUTXHRXWSXWDQGSLWFKDQJOH7KHPD[LPXPWRUTXHRXWSXWLVREWDLQHGDWGHJUHH














LPSURYHV WKH VWDUWLQJ WRUTXH FKDUDFWHULVWLFV7KH VWDUWLQJ WRUTXH UHTXLUHG IRU WKLV VSHFLILF GHVLJQ RI EODGH LV RQO\
DYDLODEOHDWZLQGYHORFLW\RIPVZKLFKLVFRQILUPHGH[SHULPHQWDOO\)URP)LJXUHWKLVVWDUWLQJWRUTXHFDQEH
DWWDLQHGE\ WKHRSWLPL]HG WXUELQHEODGHDWZLQGYHORFLW\RIPVZKLFKHQDEOHV LW WRRSHUDWH LQGHSHQGHQWO\DW




EODGH JHRPHWU\ QXPHULFDOO\ IRU EHWWHU SHUIRUPDQFH 7KH &)' VLPXODWLRQ FRUUHVSRQGV TXDOLWDWLYHO\ WR WKH
H[SHULPHQWDOGDWD7KHQXPHULFDORSWLPL]DWLRQZKLFKZDVFDUULHGRXWFRQVLGHULQJWKHEODGHSLWFKDQJOHDQGEODGH
VXEWHQGHGDQJOH VKRZVDEHWWHU WRUTXHRXWSXWDQGVXEVHTXHQWO\DEHWWHUSRZHURXWSXWDQGVWDUWLQJ WRUTXH$ ORZ
EODGHSLWFKDQJOHRIGHJUHHDQGKLJKEODGHVXEWHQGHGDQJOHRIGHJUHHVKRZHGPD[LPXPWRUTXHRXWSXWIRUWKLV
W\SHRIEODGHV7KHUHZDVDPD[LPXPLQFUHDVHLQWRUTXHRIDERXWDWWKHDLUYHORFLW\RIPV
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